Sesame (Sesamum indicum L., Pedaliaceae) is also called orphan crop. Nowadays, however world demand for its seeds is interestingly increasing owing to its good quality oil (50 %), protein (25 %) and for content of antioxidants 3, 11, 33 . Beside these nutritional benefits, sesame cropping has many agricultural advantages: it grows well in tropical to temperate climates, it can grow on stored soil moisture without the need for rainfall or irrigation, and be grown in pure stands with low input, or else in mixed stands with diverse crops 4 .
efforts slow to emerge. Ashri 4 stated that the main reason for this limited success is that sesame is a crop mainly produced in developing countries and usually by smallholders. The total world production was about 4 756 751 tones from a planted area of 9 million hectares in 2013 and the average yields ranged from 385 kg ha -1 in 2000 to 506 kg ha -1 in 2013 12 . Despite the high yield potential of sesame, actual yields are quite low due to a combination of biotic and abiotic stresses. The main sesame grower countries are India, Myanmar and Sudan, most growing areas are classed as arid or semi-arid 12 and in these regions, sesame is subjected to terminal and intermittent droughts. In these drought prone environments, breeders' primary interest is in grain yield which may be considered to be affected by three components including yield potential, appropriate phenology and drought tolerance 24 . To achieve high and durable yield in such environments drought-tolerant genotypes are needed. Unfortunately, the development of improved sesame cultivars for drought tolerance is hampered by the lack of efficient selection criteria. Two classical methods are usually followed to select for drought tolerance in crops: (i) utilization of grain yield as direct selection criteria, and (ii) indirect selection based on secondary traits 26 which are plant characteristics that are associated with yield, and they can provide additional information for breeders to use when they make selections 20 . Although some authors reported positive correlation between yield in optimal conditions and yield under drought 1, 8, 17, 22 , direct selection based on yield potential or mean yield under non-stress conditions may be misleading for the selection of drought-tolerant genotypes because drought tolerance is a complex quantitative trait, involving interactions of many metabolic pathways related to stress tolerance genes 1 .
The identification of a standard evaluation assay has been the most pressing problem for the selection of drought-tolerant genotypes 18 . Different indices have been employed for selecting drought-tolerant genotypes. Rosielle and Hamblin 25 defined stress tolerance (TOL) as the difference between yields under optimal (Y p ) and stress conditions (Y s ) and the mean productivity (MP) as the average yield between Y s and Y p . Fischer and Maurer 15 proposed a stress susceptibility index (SSI) and Fernandez 14 introduced a stress tolerance index (STI) as a selection criterion to identify genotypes with high yield and stress tolerance potentials. The latter author stated that MP has an upward bias due to a relatively larger difference between Y p and Y s and proposed a novel index, the geometric mean productivity (GMP) which is less sensitive to large extreme values. All these indices are based on grain yield though, it is useful to screen for secondary traits as well because grain yield under drought is a complex quantitative trait whose repeatability is low relative to yield in non-stress environments, reducing selection efficiency 16 . Also, high-yielding cultivars in well-watered conditions are not necessarily the top performers in drought-stressed conditions. Hence much effort has been focused on the genetic analysis of secondary traits. In a drought breeding program, secondary traits are valuable for many reasons: If observed before or at flowering, they can be used for selecting desirable crossing parents; if observed before maturity, they can be used for preliminary selection. Bänziger and Lafitte 5 reported that secondary traits can help to improve the precision with which droughttolerant genotypes are identified, compared to measuring only grain yield under drought. Therefore, the understanding of the relationship between yield and secondary traits is crucial for developing an adequate breeding program and this relationship is traditionally explained by means of correlation, regression and path coefficient analyses 29, 30, 38 . Path coefficient analysis 36 is helpful in partitioning the direct and indirect contribution of yield components to seed yield 29 and gives more realistic relationship between characters than the phenotypic correlation. The objective of this study was to evaluate and select high yielding sesame genotypes and identify secondary traits to be used as selection criteria for seed yield under both drought and optimal conditions. Phenotypic correlations, path coefficients and factor analysis will be used for this assessment.
The stress susceptibility index (SSI) was calculated according to Fischer and Maurer 15 and the stress tolerance index (STI) was determined for each genotype following Fernandez 14 :
,where Y s and Y p are the mean yields of a given genotype in DS and NS environments,
,where X p is the mean yield of all genotypes under non-stressed conditions. Geometric mean productivity (GMP) was calculated for seed yield according to Fernandez 14 : ( )
Data were analyzed using MINITAB statistical program by one-way ANOVA and t test.
Differences between mean values of treatments were evaluated using least significant difference (LSD) at a 0.05 significance level. Path coefficient and phenotypic correlation analyses were carried out to determine the relationship between the traits studied and their direct and indirect contribution to seed yield 9 .
RESULTS

Variation in yield and yield components under non-stressed (NS) and drought-stressed (DS) environments
For both years, the results of ANOVA showed significant differences between genotypes in respect to Fig. 1b ).
Stress tolerance indices and selection for drought resistance
To evaluate 19 sesame genotypes for drought tolerance, seven selection indices (SSI, STI, MP GMP, TOL, YI and YSI) were used. STI, MP, GMP and YI had significant positive correlation with both yield under drought-stressed (Y s ) and yield under non stressed environments in both two years but there is no correlation between YI and Y p in 2011 (Table 3 & 4) . YI had the highest correlation (r = 1 ** in both years) with Y s , whereas MP had the highest correlation with Y p (r = 0.87** and r = 0.94**, for 2010 and 2011, respectively).
The correlation between Y p and Y s was positively significant (r = 0.49 * ) in 2010 but not significant at all in 2011. SSI and TOL were negatively correlated with Ys even though this correlation is not significant in the year 2011 ( Table 4 ).
The estimates of drought tolerance attributes based on a single criterion are contradictory. In the 2010 trial and according to STI, MP and GMP genotypes LC 164, LC 162 and HB 168 were the most droughttolerant genotypes whereas MC 114, Birkan and MC 112 were the most sensitive ones during the season 2010 ( Table 5 ). Based on TOL scores HC 108, LC 164 and SHI 165 were the most desirable drought tolerant genotypes and HB 168, HSC 105 and 38-1-7 the most sensitive genotypes. According to SSI and YSI the desirable drought-tolerant genotypes were HC 108, BC 167 and SHI 165 ( Table 5 ).
The same contradiction was highlighted in the 2011 cropping season when suitable drought-tolerant genotypes were selected based on a single drought tolerance index ( Table 6 ).
The mean rank and standard deviation of ranks of all drought tolerance criteria were calculated and based on these two criteria the most desirable drought tolerant genotypes were identified. In consideration to all indices genotypes LC 164, LC 162 and BC 167 exhibited the best mean rank and low standard deviation of ranks (Table 5 ) under drought-stressed environment in 2010, hence they were considered as the suitable drought tolerant genotypes.
In 2011, LC 162, 32-15, HB 168 and HC 108 had the best mean rank and low standard deviation (Table   6 ) and were identified as the most drought tolerant genotypes.
Genotype LC 162 could therefore be identified as the best drought tolerant material, while MC 114 was the most sensitive for both years.
To use all indices simultaneously, factor analysis was also carried out. The two first factors explained 98.7 % and 98.5 % of the total variance in 2010 and 2011, respectively ( Table 7) . The relationship between the genotypes and all the drought tolerance indices is plotted in the same graph (Fig 2a & 2b) .
The first factor (FA1) was highly and positively correlated with Y p , STI, MP and GMP in both years (Table) . YI and Y s were positively correlated by the first factor in 2010. Therefore, FA1 in both years was named as drought tolerance.
The second factor (FA2) was represented by SSI, TOL and YSI in 2010 and by Y s , YI, STI, MP and GMP in 2011. SSI, TOL, YS, STI, MP, GMP and YI had negative coefficient with FA2. Thus the higher scores for FA1 and FA2 in 2010 were in accordance with higher drought tolerance while in 2011 it's higher score for FA1 and lower scores for FA2 which may be considered as higher drought tolerance. The sum of two first factors (FA1+FA2) are presented in Tables 5 and 6 , respectively.
Coefficients of direct and indirect effects of path analysis in drought-stressed conditions are shown in Table 8 . The number of capsules per plant had the highest positive and direct effect (p = 0.519) on seed yield in drought conditions. This trait was followed by plant height (p = 0.332), thousand seeds weight (p 
DISCUSSION
In sesame breeding, the goal is to attain high seed yield. The later character is therefore the most reliable measure for selecting for drought tolerance. Venuprazad et al. 35 stated that direct selection under dry season stress also gave similar response as under naturally occurring wet season stress. But our results are in contradiction with this later author according to a high genotype x season interaction (data not shown). In our research conditions, yield was significantly lower in drought-stressed conditions relative to nonstressed conditions. However, contrary to what was expected, some genotypes performed better under moderate drought-stressed conditions than in non-stressed conditions. Similar findings were reported by Urrea et al. 31 with the dry bean (Phaseolus vulgaris L.) cultivar SER 22 which performed well under drought-stressed conditions, but below average under non-stressed conditions. These genotypes are classified in the class C according to Fernandez 14 To determine the most suitable drought tolerant criteria, the correlation between Y p , Y s and other drought tolerance indices was computed. In other words, correlation studies between yield and drought tolerances indices can be a good criteria for screening the best genotypes and indices used 13 . Therefore, a discriminatory index must have a significant correlation with grain yield under both stressed and nonstressed environments 21 .
STI, MP and GMP had significant and positive correlation with both yield under drought-stressed (Ys) and non-stressed environments in both two years. These results confirmed those of Abdolshahi et al. 1 stating that STI, MP, GMP and YI appeared to be the most efficient selection indices for identifying high yielding genotypes for both normal and drought-stressed environments. GMP and STI had high correlation with MP and therefore STI, GMP and MP could produce similar results. Fernandez 14 stated that STI is estimated based on GMP and the correlation between STI and GMP is equal to 1. Akçura et al. 2 reported that YI, YSI, STI, GMP were significantly and positively correlated with stress yield and these indices showed that cultivars may be ranked only on the basis of their yield under stress and so does not discriminate genotypes of group A. Based on STI, GMP and MP, LC 164 was the best drought tolerant genotype in the first year. Thus, it could be concluded that selection based on these indices results in genotypes with high yield potential as stated by Abdolshahi et al. 1 . STI is effective in selecting higher-yielding lines in both stressed and nonstressed environments and could thus discriminates group A with others (B,C,D). The higher the value of STI of a given genotype, the higher its stress tolerance and yield potential 14 . It is clear that STI is not efficient in selecting low yield lines even though their reduction percentage of seed yield across environments is lower. It's the case of genotypes hsc105 with yield reduction percentage (PR= 8 %, data not shown), mc112 (PR = 10 %) and mutant-cultivar Birkan (PR = 29 %). The correlation between Y p and Y s was positively significant (r = 0.49 * ) in 2010 but not in 2011. In other words, sesame genotypes with high yield potential may not necessarily perform favorably in droughtstressed environments. This result is supported by Belko et al. 6 who reported poor relationship between grain yield under NS and DS environments in both short and medium duration cowpea genotypes and opposed those claimed by certain authors who stated that genotypes with high yield potential are like to have high yield in drought-stressed conditions. The correlation between YI and Y s is equal to 1. Therefore, YI is a suitable criterion for drought tolerance. TOL had high positive correlation with Y p and negative ones with Y s . Fernandez 14 stated that selection based on TOL favours genotypes with low yield potential in non-stressed conditions and high yield under stress conditions. Based on these results STI, GMP and MP favour genotypes with high yield potential while TOL favours genotypes with low yield potential. Thus, different indices would not result in the same ranking.
Factor analysis and the mean ranking approach were used for selecting the suitable drought tolerant material across environments and years. These methods have the advantage to use all drought tolerance indices simultaneously. In the first year, LC 164 and LC 162 were identified as the best drought tolerant genotypes according to the two ranking methods.
In 2011, cultivar 32-15 was ranked first according to FA and the mean ranks method and thus identified as the most drought tolerant genotype. This ranking method was also used to identify drought-tolerant cultivars of bread wheat 13 , spring canola cultivars 19 and Corn 23 .
Genotypes ranking according to their drought tolerance/susceptibility were thus affected across the seasons. The two experiments were conducted in two different seasons contrasting for weather conditions. In 2010, the experiment was conducted in a hot and dry season under irrigated conditions while the second year corresponds to the normal rainy season in the semi-arid tropic. In other words, this seasonality may interact as a genotype by environment effect. The cultivar 32-15 is a well locally adapted variety grown largely by Senegalese sesame growers in rainfed conditions. All other genotypes were induced by mutagenesis from 32-15 and 38-1-7 as parents.
Path coefficient analysis in the present study showed that number of capsules per plant, plant height, thousand seed weight and length of the capsules were the most important components with direct and positive influence on seed yield in drought stress conditions. This was in accordance with the findings of Uzun and Cagirgan 34 and Yingzhong and Yishou 37 . Plant height is the character most contributing to seed yield in sesame because the species has an indeterminate growth habit 32 . Although this character prevents mechanized harvesting and the expansion of its cultivation, plant height may favoured high branching and capsule production. Thus, plant height, number of capsules per plant, and length of the capsules should be considered in selection for obtaining high-yielding sesame cultivars in drought-stressed environments. This was supported by the fact that plant height has a positive indirect effect (Table 8 ) on seed yield via number of capsules per plant. In other studies 27, 37 higher number of capsules per plant and plant height showed a positive indirect effect on seed yield.
The correlation and the direct effect of stem length to the first capsule on seed yield were negative. However, the stem length to the first capsule had a positive indirect effect on seed yield via plant height with which it was strongly correlated. Thus, in indirect selection for high-yielding sesame cultivars, plant height and stem length to the first capsule traits should be considered together as a selection criterion.
